The paper studies a comparison analysis of semi-active control strategies for a Macpherson strut type suspension system consisting of MR(magneto-rheological) damper. As a first step, in order to 
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Trans. Korean Soc. Noise Vib. Eng., 26(2) : 157~164, 2016 viscosity by varying applied magnetic field, various semi-active control logics are developed to obtain good performance of the system. Karnopp et al. (1) first developed "skyhook" damper control algorithm for a vehicle suspension system and show that this provide better performance.
Ahmedian et al. (2) studied ground-hook and hybrid control strategies for MR suspensions for quarter car models. Choi et al. (3) developed a cylindrical MR damper and studied its practical feasibility through the road test evalution.
Most of the researchers considered the model as quarter car models which is not exactly same in the practical case. The Macpherson strut type suspensions are widely mostly used in light or medium sized vehicles The kinematic and dynamic analysis of the Macpherson strut suspension is carried out by Fallah (4) , Hurel (5) etc. The detailed analysis of Macpherson strut with MR dampers are not studied much. Hong et al. (6) proposed a new MacPherson strut model where the unsprung and sprung mass were considered as point masses and the rigid body rotations were ignored. Andersen (7) developed a dynamic model of 
Model of Macpherson Strut Suspension
The schematic diagram of Macpherson suspension system is shown in Fig. 1 . During equilibrium, the point A was at A0 making an angle   with Y-axis at Fig. 2 . At equilibrium position, the origin of the coordinate system O coincides with B. The control arms rotates at angle  which is measured counter clock-wise and the sprung mass moves by an amount zs. The displacement of the points on the spindle-wheel assembly can be formulated as follows (4) :
The coefficients,       cos and       sin, where  is the wheel rotation about x-axis or the camber angle. The equation can be reduced by considering        and         as follows: 
where the coefficients are obtained from the following equilibrium coordinates as          and         . Similarly yE, yP, zE and zP can be also be written in terms of aE, bE, aP and bP. The constraints of the strut can be found as
The coordinate (yA, zA) can be obtained from the rotation of the control arm and the constrained equations of the control arm are given by
where, L2 is the length of the control arm and   is the initial angle of the control arm. The above equations can be linearized considering the angle  small as follows: Fig. 2 The position of the key points and corresponding equilibrium position
where,
Substitution of the values of equations (5) and (6) in equation (3) yields the following equation.
Neglecting the higher order terms of , Eq. (7) leads to the follow equation.
Now, the unknowns (yP, zP) can be calculated as
where, 
where L3 is the length of the spring at equilibrium position and L3' is the instantaneous length of spring. From geometry neglecting the highest order terms of , the deflection of the spring equation is obtained as,
In the above, the  is the angle between the control arm and the line joining points B and D.
Tire lateral tire deflection is computed as follows:
where, R is tire effective radius given by
The equation of motion of the Macpherson strut with MR damper can be obtained using
Lagrange's method as follows:
In the above, the dynamics of the MR damper can be expressed as the following equation,
where,  is the time constant of the MR damper. Now, we consider the state variables as
The above equations of motion is highly nonlinear. For further work and to incorporate control strategies for the system, the system of equations should be linearized at the equilibrium position as follows:
Design of a New Controller
In this work, a moving sliding surface (9, 10) is used instead of conventional fixed sliding surface defined by For inputs, N -Negative, Z -Zero, P -Positive.
For output, ON -One, SP -Small Positive.
The three rules are written as
.
The control force is then given by In order to compare the effectiveness of the proposed controller, the following two existing controllers are used.
1) Sky-Hook Controller
where,   is the damping force when the damper is at on state. 
Results and Discussions

Bump Response
Control characteristics of the suspension system is measured for bump type transient road input which is given by
where, zb is the half bump height (0.03 m), (Fig. 4(b) ). This may arise due to the semi-active control strategy applied. The important kinematic parameters like camber angle (), king-pin angle and track alteration are calculated and plotted in Fig. 5 . Camber angle, which is plotted in Fig. 5(a) , is shown to be improved and the response settled fast for the proposed control logic. The king-pin angle is the angle between the vertical axis in case of Macpherson strut and the line through the points A and D is calculated as
The king-pin angle is plotted in Fig. 5(b) and it improves significantly when the proposed control logic is applied. Figure 6 represents the psd (power spectral density) of different performances in frequency domain for random excitation. The sprung mass displacement psd shows that the displacement reduced by a significant amount near the body resonance (1 Hz~2 Hz).
Random Response
From Fig. 6(b) it is seen that the sprung mass acceleration is also reduced near the body resonance frequency, but it worsen between body frequency and wheel frequency. This is due to the fact that in proposed control strategy, there is no acceleration term to be controlled. The tire deflection psd (Fig. 6(c) ) is also reduced in both the body resonance and wheel resonances. The suspension travel is seen to be reduced by a good amount near both the resonances (Fig. 6(d) ).
Conclusion
The stability of the vehicle depends on the strut parameters like camber angle, track alteration etc. 
